DECISION-MAKING ROUTE CONTROL SYSTEM 
AND 

DECISION -MAKING ROUTE CONTROLLING METHOD 



BACKGROUND OF THE INVENTION 

1. Description of the Related Art 

The present invention relates to a routing route control 
system and a routing route controlling method capable of 
performing the route switching at the time of route trouble 
and under predetermined decision conditions, by combining the 
routing protocol with SNMP (Simple Network Management Protocol) 
and ICMP (Internet Control Message Protocol) as the network 
management protocol in the route control in the IP (Internet 
Protocol) network. 

2. Description of the Related Art 

The route change of the IP network in the prior art is 
controlled by the routing protocol. In the control executed 
by the routing protocol, the route can be switched at the time 
of route trouble by exchanging the information between the 
routers, nevertheless the route change cannot be performed under 
particular conditions . 

Also, in Patent Application Publication (KOKAI) Hei 
10-23060, there is disclosed the network system that can be 
restored in a short time at the time of trouble by switching 
the function from the master router to the back-up router when 
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the trouble occurs in the particular router. 

FIG - 12 shows the network system set forth in Patent 
Application Publication (KOKAI ) Hei 10-23060 . A plurality of 
terminal devices 49-1 to 49-N are connected via a LAN 55 and 
also connected the terminal devices 53-1 to 53-M via the master 
router 41, the back-up router 42, the WAN 54, the master router 
50, the back-up router 52, and the LAN 56. When the trouble 
occurs in the master router 41, the trouble informing portion 
4 3 informs the back-up router 42 of occurring of the trouble, 
and loads the trouble occurring information into the trouble 
information table 4 5 and also copies contents in the routing 
table 44 into the routing table 47 in the back-up router 42 
via the input /output device 4 8 and the external input /output 
processing portion 46. Thus, when the information are 
transmitted to the master router 41, the back-up router 42 can 
function in place of the master router 41, whereby the 
restoration and the route switching can be controlled in a short 
time at the time of trouble in the master router. 

In order to switch the route at the time of route trouble, 
the particular back-up router having the route switching 
function is needed in the network system in the prior art, and 
thus the system for satisfying such need must be constructed. 
Also, there is the problem that the route cannot be switched 
under the particular conditions other than the trouble . 



2 



SUMMARY OF THE INVENTION 

The present invention has been made to overcome the above 
problems , and it is an ob j ect of the present invention to control 
the route switching by constructing the IP network based on 
the general protocols such as the routing protocol, SNMP, and 
ICMP without arrangement of the particular back-up router. 

Accordingly, in the network including a first route and 
a second route both are different in line speed, line cost, 
reliability, traffic, etc., there can be provided the system 
which is capable of switching the route from the first route 
as the ordinary route to the second route when the route trouble 
or the particular condition is caused. 

A decision-making route control system according to the 
present invention comprises a monitoring means for monitoring 
a state of a network to collect route information and decision 
elements for decision making; a judging means for judging a 
route switching based on the route information, the decision 
elements, and predetermined decision conditions; a 
decision-making judging computer consisting of a controlling 
means for outputting a route judged by the judging means as 
control information; a route generating router for replacing 
the control information with route switching information to 
output it; and a route propagating router having a routing table, 
and executing route propagation to a sender router based on 
routing information in the routing table and route switching 
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information transferred from the route generating router. 

Also, the decision-making judging computer transfers 
control information generated by a network management protocol 
to the route generating router based on route information 
collected by the network management protocol and the decision 
elements for decisionmaking, and the route generating router, 
the route propagating router, and the sender router execute 
route propagation based on a routing protocol. 

Also, the route generating router has a loop-back 
interface or a logical line, replaces a route valid/invalid 
situation as control information transferred from the 
controlling means based on a network management protocol with 
route switching information based on a routing protocol, and 
then outputs it to the route propagating router. 

Also, the monitoring means collects route information 
of a first route and a second route and decision elements for 
decision making by monitoring a state of a network. 

Also, the judging means has a predetermined threshold 
value in predetermined decision conditions, and interrupts 
switching for the first route and set the second route as a 
information propagation route when a traffic exceeds this 
threshold value. 

A decision-making route control system according to the 
present invention comprises a monitoring means for monitoring 
a state of a network to collect route information and decision 
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elements for decision making; a judging means for judging a 
route switching based on the route information, the decision 
elements, and predetermined decision conditions; a 
decision-making judging computer consisting of a controlling 
means for outputting a route judged by the judging means as 
control information; a route update logical network connecting 
router for switching a route from a first route side to a second 
route side in updating the route; and a logical network 
connecting router having route information and a routing table, 
and executing route propagation to a sender router by reflecting 
route information on the routing table based on control 
information transferred from the controlling means , and having 
a relaying function for relaying information to a first route 
or a second route in compliance with a route valid/invalid 
situation transferred from the controlling means based on a 
network management protocol . 

Also, the decision-making judging computer transfers 
control information generated by the network management 
protocol to the logical network connecting router in compliance 
with route information collected by the network management 
protocol and decision elements for decision making, and the 
logical network connecting router, the route update logical 
network connecting router, and the sender router execute route 
propagation based on a routing protocol. 

Also, the logical network connecting router has a logical 



5 



line to propagate a route to the sender router, and has a relaying 
function to the first route or the second route. 

Also, the monitoring means grasps a situation of a 
non-neighboring router bymonitoring a route update side router, 
and collects route information of the first route and the second 
route and decision elements for decision making. 

A decision-making route control system according to the 
present invention comprises a monitoring means for monitoring 
a state of a network to collect route information and decision 
elements for decision making; a judging means for judging a 
route switching based on the route information, the decision 
elements, and predetermined decision conditions; a 
decision-making judging computer consisting of a controlling 
means for outputting a route judged by the judging means as 
control information; a control information converting router 
for replacing the control information transferred from the 
controlling means to output it; and a route propagating router 
having a routing table, and executing route propagation to a 
sender router based on the control information transferred from 
the control information converting router and routing 
information in the routing table. 

Also, the control information converting router has an 
address translation table, and address-translates route 
switching information transferred from the controlling means 
to the route propagating router to relay it to the route 
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propagating router. 

A decision-making route controlling method according to 
the present invention comprises the steps of monitoring a state 
of a network to collect route information and decision elements 
for decisionmaking; judging a route switching based on collected 
information and predetermined decision conditions; outputting 
a route valid/invalid situation of a judged route to a route 
generating router based on a network management protocol; 
replacing the route valid/ invalid situation transferred based 
on the network management protocol with route switching 
information based on a routing protocol; outputting replaced 
route switching information to a route propagating router; and 
executing route propagation to a sender router based on the 
route switching information and routing information in a routing 
table. 

A decision-making route controlling method according to 
the present invention comprises the steps of monitoring a state 
of a network to collect route information and decision elements 
for decisionmaking; judging a route switching based on collected 
information and predetermined decision conditions; outputting 
a route valid/invalid situation of a judged route to a logical 
network connecting router based on a network management 
protocol; replacing the route valid/invalid situation 
transferred by the network management protocol with route 
switching information based on a routing protocol; executing 
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route propagation to a sender router based on replaced route 
switching information and routing information in a routing 
table; and selecting a relay to a first route or a second route 
according to the route valid/invalid situation. 

A decision-making route controlling method according to 
the present invention comprises the steps of monitoring a state 
of a network to collect route information and decision elements 
for decisionmaking; judging a route switchingbased on collected 
information and predetermined decision conditions; outputting 
a route valid/invalid situation of a judged route to a route 
propagating router based on a routing protocol; replacing a 
sender address of control information transf erredby the routing 
protocol and relaying it to the route propagating router; and 
executing route propagation to a sender router based on control 
information and routing information in a routing table. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG . 1 is a block diagram showing an overall configuration 
of an embodiment 1 of the present invention; 

FIG. 2 is a block diagram showing the arranged state in 
which route control is performed by setting priorities of 
protocols and route propagation in a route propagating router 
7 in the embodiment 1 of the present invention; 

FIG. 3 is a flowchart showing flow of process in a 
decision-making judging computer 2 in the embodiment 1 of the 
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present invention; 

FIG. 4 is a block diagram showing changed contents in a 
route definition 61 and a routing table 62 contained in a route 
generating router 6 when the control is applied from a 
controllingmeans 3 in the embodiment 1 of the present invention; 

FIG . 5 is a flowchart showing flow of process in amonitored 
obj ect equipment 14 in the embodiment 1 of the present invention; 

FIG. 6 is a block diagram showing an overall configuration 
of an embodiment 2 of the present invention; 

FIG. 7 is a block diagram showing changed contents in a 
routepreferential definition 31 and a routing table 32 contained 
in a logical network connecting router 22 when the control is 
applied from the controlling means 3 in the embodiment 2 of 
the present invention; 

FIG. 8 is a block diagram showing an overall configuration 
of an embodiment 3 of the present invention; 

FIG. 9 is a flowchart showing flow of process in the 
decision-making judging computer 2 in the embodiment 3 of the 
present invention; 

FIG, 10 is a block diagram showing changed contents in 
a route information table 91 contained in the controlling means 
3 in the embodiment 3 of the present invention; 

FIG. 11 is a view showing an address translation table 
101 which is referred to by an address translating function 
of a control information converting router 72 in the embodiment 
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3 of the present invention; and 

FIG.12isablock diagram showing an overall configuration 
of a network system in the prior art. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Now, a description will be given inmore detail of preferred 
embodiments of the invention with reference to the accompanying 
drawings . 

Embodiment 1 

An embodiment 1 of the present invention will be explained 
with reference to FIG.l to FIG. 5 hereunder. 

FIG.l is a block diagram showing an embodiment 1 of the 
present invention. As shown in FIG.l, in a decision- making 
route control system according to the embodiment 1, a 
decision-making route control system 1 including a 
decision-making judging computer 2, a route generating router 
6, and a route propagating router 7. According to the state 
of a network system or amonitored obj ect equipment 14 consisting 
of a computer previously decided to monitor the state of the 
network, the packet that is a package of information transmitted 
from a sender router 8 can be switched to either a stationary 
route side router 10 as a first route 12 or a route update side 
router 9 as a secondroute 11 and then transmitted to adestination 
network 25 via a network group 13 which the packet can reach 
logically without the neighboring relationship . Also, assume 
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that the monitored object equipment 14 and a destination 15 
belong to a destination network 25. 

The decision-making judging computer 2 is such a computer 
that has functions of SNMP (Simple Network Management Protocol) 
manager and ICMP (Internet Control Message Protocol) and make 
the decision to switch the route, and consists of a monitoring 
means 5 for collecting decisionmaterials for the decisionmaking, 
a judging means 4 for judging the route switching, and a 
controlling means 3 for controlling the route generating router 
6 . Control procedures in the decision-making judging computer 
2 will be explained later with reference to FIG. 3. 

In FIG.l, flow of the packet transmitted from the sender 
router 8 and the routing protocol will be explained hereunder. 

Normally, since the packet transmitted from the sender 
router 8 is propagated from the route propagating router 7 over 
the stationary route, it can come up to the destination network 
25 via the route propagating router 7, the first route 12, the 
stationary route side router 10, and the network group 13 . Also, 
when the packet transmitted from the sender router 8 is not 
propagated from the route propagating router 7 over the 
stationary route based on the decision making, it reaches the 
destination network 25 via the second route 11, the route update 
side router 9, and the network group 13. 

The sender router 8 is connected to two routers of the 
route propagating router 7 and the route update side router 
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9, and exchanges the route information collected by each router 
based on the routing protocol. Assume that the protocol 
provided between the sender router 8 and the route propagating 
router 7 is RP1 and the protocol provided between the sender 
router 8 and the route update side router 9 is RP4, and it is 
previously learned internally that the protocol RP1 has 
preference to the protocol PR4 . As the learning method, there 
are the method in which priorities are explicitly set higher 
in the router in the order of the protocol RP1 and the protocol 
PR4 and the method which learns the low priority resultantly 
by propagating the low priority of the protocol PR4 by using 
the dynamic routing protocol. 

Also, the route propagating router 7 is connected to three 
routers of the route generating router 6, the sender router 
8, and the stationary route side router 10, and exchanges the 
route information in the same way. Assume that the protocol 
provided between the route propagating router 7 and the sender 
router 8 is RP1, the protocol provided between the route 
propagating router 7 and the route generating router 6 is RP2, 
and the protocol provided between the route propagating router 
7 and the stationary route side router 10 is RP3. It is learned 
previously that priorities of the protocols in the route 
propagating router 7 are set higher in the order of the protocol 
RP2, the protocol RP3 , and the protocol RP1 . The learningmethod 
is mentioned above. Also, it is set previously in the route 
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propagating router 7 that the route information received by 
the protocol RP1 and the protocol RP2 are not transmitted to 
other routers. 

FIG. 2 is a schematic block diagram showing the arranged 
state in which the route control is carried out by setting 
priorities of above protocols and the route propagation in the 
route propagating router 7 . As shown in FIG. 2, when the packet 
is propagated via the route from the protocol RP2, it is not 
propagated over the route to the sender router 8 based on the 
protocol RP1 . Also, when the packet is propagated via the route 
from not the protocol RP2 but the protocol RP3, it is propagated 
over the stationary route to the sender router 8 based on protocol 
RP1. 

Then, control procedures in the decision-making judging 
computer 2 will be explained with reference to FIG . 3 hereunder . 
In step SI, the monitoring means 5 transmits a SNMP GET request 
or an ICMP Echo (ping) to the monitored object equipment 14 
to monitor the state of the monitored object equipment 14 and 
collect decision materials . In step S2, the decision materials 
received from the monitored object equipment 14 by a SNMP GET 
response or an ICMP Echo reply is transferred to the judging 
means 4 . Also, when a Trap transmission based on the 
transmission requirements previously set by a Trap transmitting 
function of the monitored object equipment 14 is generated, 
the decision materials are collected in step S3. The Trap 
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transmitting function of the monitored obj ect equipment 14 will 
be explained later with reference to FIG. 5. 

In step S4, the judging means 4 decides from the decision 
materials transferred from the monitoring means 5 whether or 
not the route should be changed based on information of the 
decision interval and the decision threshold value in the 
decision making defined previously by the user. Then, if the 
route should be switched, the decision result is transferred 
to the controlling means 3 . It is decided that the route should 
not be switched, the process returns to step SI. As an example 
of the decision, in the case that the router that always receives 
the packet is set as the monitored object equipment 14, it is 
decided that the route is not available and the route should 
be switched when an amount of received packet per unit time 
is measured and then the amount is less than a constant value. 

In step S5, based on the decision of the judging means 
4, the controlling means 3 controls the route generating router 
6 to decide whether the stationary route is set to either a 
valid state or an invalid state by the SNMP SET command. 

The control in the route generating router 6 to decide 
whether the stationary route is set to the valid state or the 
invalid state by the SNMP SET command employs not the particular 
extended MIB (Management Information Base) but the standard 
MIB (RFC1213) . Therefore, the route generating router 6 does 
not need the particular MIB about the routing table, and thus 
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it can be implemented by the router into which the standard 
MIB is installed. 

In FIG. 3, the route control according to the monitoring 
by using a combination of SNMP and ICMP is shown. However, 
if the decision materials of the monitored object equipment 
14, the protocols to which the monitored object equipment 14 
corresponds, and the optimum collecting method are selected, 
the route control according to the monitoring by using only 
SNMP or only ICMP may be executed. 

Then, the route generating router 6 controlled by the 
controlling means 3 will be explained hereunder. The route 
generating router 6 contains internally a route definition 61 
in which a loop-back interface or a logic circuit is uniquely 
correlated with a physical network. The valid/ invalid state 
of the stationary route transferred from the controlling means 
3 is converted into ON/OFF information of the loop-back interface 
or the logic circuit contained in the route generating router 
6 by the SNMP SET command and then informed. At this time, 
the OFF state of the loop-back interface or the logic circuit 
is informed when the stationary route is valid, and the ON state 
of the loop-back interface or the logic circuit is informed 
when the stationary route is invalid. 

A flow of the process will be explained with reference 
to FIG. 4. The route generating router 6 contains internally 
the route definition 61 in which the loop-back interface or 
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the logic circuit is uniquely correlated with the physical 
network, and controls the route switching by reflecting the 
definition contents on a routing table 62. In FIG. 4, the 
loop-back interface is shown in as an example. Also, one 
destination network 25 is shown and described asNl . In addition, 
the loop-back interface corresponding to Nl is described as 
a loop-back interface 1 . 

If the stationary route is valid in (d) of FIG. 4, the 
loop-back interface is brought into the OFF state by the SNMP 
SET command. Accordingly, when the loop-back interface is 
entered into the routing table 62 , the entered content is erased. 
As a result, the protocol RP2 does not propagate the route to 
the route propagating router 7 . 

If the stationary route is invalid in (e) of FIG. 4, the 
loop-back interface is brought into the ON state by the SNMP 
SET command. Accordingly, the content of the route definition 
61 is entered into the routing table 62 . As a result, the protocol 
RP2 propagates the route for the route generating router 6 to 
the route propagating router 7. In other words, the content 
in the routing table 62 is erased when the loop-back interface 
is set to the OFF state, and the content in the route definition 
61 is reflected on the routing table 62 when the loop-back 
interface is set to the ON state. 

Then, an operation of the route propagating router 7 will 
be explained hereunder. The route propagating router 7 has 
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a plurality of routing protocols, and has a function for 
propagating the route to the sender router 8 based on the route 
propagation contents transmitted from the route generating 
router 6 and the stationary route side router 10 and the route 
information in the routing table contained in the inside. The 
route propagating router 7 contains a function for propagating 
the stationary route to the sender router 8 and a function for 
relaying the packet from the sender router 8 independently. 

The stationary route propagating function of the route 
propagating router 7 will be explained hereunder. The route 
propagating router 7 receives the route information from the 
stationary route side router 10 based on the protocol RP3 and 
the route generating router 6 based on the protocol RP2 . In 
this case, as described above, it is set that the route 
information received based on the protocol RP2 are not propagated 
to other routers. 

When the stationary route is valid, the route is not 
propagated based on the protocol RP2, and thus the route 
information propagated from the stationary route side router 
10 based on the protocol RP3 are propagated to the sender router 
8. Also, when the stationary route is invalid, the route 
propagation is carried out by the protocol RP2 and the protocol 
RP3 . In this case, like the above explanation by using FIG. 2, 
since it is defined that the route information from all protocols 
are not propagated when the route propagation is carried out 
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by the protocol RP2, the route propagation for the sender router 
8 is not carried out. 

Also, the packet relaying function of the route 
propagating router 7 transmits the packet transmitted from the 
sender router 8 to the stationary route side router 10. This 
is because, as described above, the route is not propagated 
based on the protocol RP2 when the stationary route is valid, 
and thus the selectable route is merely the stationary route 
side router 10 propagated based on the protocol RP3 . 

Then, an operation of the sender router 8 will be explained 
hereunder. As described above, when the packet is propagated 
from the route propagating router 7 via the stationary route, 
the sender router 8 learns preferentially the protocol RP1 rather 
than the protocol RP4 . Therefore, the sender router 8 transmits 
the packet via the first route 12. Since the selectable route 
is merely the second route 11 propagated based on the protocol 
RP4 when the packet is not propagated via the stationary route, 
the packet is transmitted via the second route 11. 

Finally, an operation of the monitored object equipment 
14 will be explained hereunder. The monitored obj ect equipment 
14 serves as the networkmanagement client of the decision-making 
judging computer 2. That is, the monitored object equipment 
14 as the network management client sends back the SNMP GET 
response in answer to the SNMP GET request issued from the 
decision-making judging computer 2 acting as the server and 
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sends back the ICMP Echo reply in answer to ICMP Echo. Also, 
if the SNMP Trap transmitting function is set previously in 
the monitored object equipment 14, the decision-making judging 
computer 2 can collect the decision materials by the Trap when 
the transmitting condition occurs on the network management 
client side. 

Process procedures of the Trap transmitting function in 
the monitored object equipment 14 will be explained with 
reference to FIG. 5 hereunder. 

In step Sll, the Trap transmitting function is initialized. 
Set contents are monitored items, threshold values, detection 
periods, and Trap destinations. At this time, the Trap 
destination is defined as the decision-making judging computer 
2. As an example of monitored items, there are the traffic 
of the route to which the monitored object equipment 14 is 
connected, the physical state, and the number of times of route 
error detection. In step S12, the monitored object equipment 
14 monitors the route, which is connected to the monitored obj ect 
equipment 14 per se, at the set detectionperiod or report period. 
In step S13, when it is judged as the result of monitoring that 
the Trap transmitting condition occurs, the process goes to 
step S14 wherein the cause is described in the Trap and then 
the Trap is transmitted to the decision-making judging computer 
2. In contrast, in step S13, if no Trap transmitting cause 
is present, the process returns to step S12 wherein the 
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monitoring based on the detection period is executed. 

In the present embodiment, the sender router 8 corresponds 
to the destination network 25, to which the monitored object 
equipment 14 and the destination 15 belong, on a one-by-one 
basis. But, in the present system, the monitored object 
equipment 14 can be decided every destination 15 in a plurality 
of networks. At that time, since respective monitored object 
equipments 14 serve as the network management clients for the 
decision-making route control system 2, the route control can 
be executed every destination network 25 to which the destination 
15 belong. 

There are two following functions as additional 
functions . 

A braker function is such a function that can interrupt 
the switching to the first route when the traffic exceeds a 
predetermined threshold value that is provided to the judging 
means 4. Thus, if the valid/invalid state of the route is 
transmitted from the controlling means 3 to the route generating 
router 6 by the SNMP SET command, the second route can be set 
as the route for transmitting the information to all destination 
networks 25. Also, this braker function has threshold values 
in blocks of several networks, and the switching can be 
interrupted in unit of block when the traffic exceeds the 
thresholds . 

In the event that the route for the network group 13 is 
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one-way communication system which is represented by the 
satellite communication or the communication system which is 
represented by the public network and in which the routing 
protocol is not used in the middle of the route, if the protocol 
RP3 is registered as the static routing protocol as the function 
to which the decision-making route control system corresponds, 
the decision-making route control system 1 can operate not to 
take account of the route state of the network group 13 to which 
the packet can reach logically without the neighboring 
relationship from the sender router to the destination network 
25 to which the destination 15 belongs. 

Embodiment 2 

An embodiment 2 of the present invention will be explained 
with reference to FIG. 6 and FIG. 7 hereunder. 

FIG. 6 is a block diagram showing an embodiment 2 of the 
present invention. As shown in FIG. 6, in a decision- making 
route control system of the present embodiment, a 
decision-making route control system 21 includes the 
decision-making judging computer 2, a logical network 
connecting router 22, a switch 23, and a route update logical 
network connecting router 24 . Thus, if the packet transmitted 
from the sender router 8 is switched to either the stationary 
route side router 10 as the first route 12 or the route update 
side router 9 as the second route 11 according to the state 
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of the predetermined network system or the monitored object 
equipment 14 as the computer, the packet can come up to the 
destination network 25 via the network group 13, which the packet 
can reach logically without the neighboring relationship . Also, 
assume that the monitored obj ect equipment 14 and the monitoring 
means 5 belong to the destination network 25. 

The decision-making judging computer 2 is a computer that 
has functions of SNMP Manager and ICMP and executes the decision 
making of the route switching, and consists of the monitoring 
means 5 for collecting the decision materials in the decision 
making, the judging means 4 for executing the judgment of the 
route switching, and the controlling means 3 for controlling 
the logical network connecting router 22 . The monitoring means 
5 collects the SNMP GET response and the Trap generated from 
the SNMP agent by monitoring the state of the monitored object 
equipment 14, and also monitors the network group 13 from the 
sender router 8 to the destination network 25 by checking the 
transmittal by ICMP. The decision materials collected by the 
monitoring means 5 and received are transferred to the judging 
means 4. According to the information of decision intervals 
and decision threshold values in the decision making defined 
previously by the user, the judging means 4 judges whether or 
not the route should be switched based on the decision materials 
transferred from the monitoring means 5. If the route must 
be switched, the decision result is transferred to the 
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controlling means 3 . If it is decided that there is no necessity 
to switch the route, the process returns to the monitoring means 
5. Based on the decision of the judgingmeans 4, the controlling 
means 3 applies the control that the route for the logical network 
connecting router 22 should be set to either the valid sate 
or the invalid state by the SNMP SET command. The details are 
similar to the process in FIG. 3 shown in the embodiment 1. 

The control made by the SNMP SET command to decide that 
the route for the logical network connecting router 22 should 
be valid or invalid is performed by using not the particular 
extended MIB but the standard MIB (RFC1213) . Therefore, the 
logical network connecting router 22 can be accomplished by 
a router into which the standard MIB is installed, without use 
of the particular MIB about the routing table. 

The logical network connecting router 22 and a route update 
logical network connecting router 24 will be explained hereunder . 
The logical network connecting router 22 and the route update 
logical network connecting router 24 are routers that are 
connected mutually by a switch 23 and a logical interface, and 
have logical interfaces in the same number as the networks as 
the switching objects. 

The logical network connecting router 22 contains 
internally a route preferential definition 31 in which the 
logical interface and the physical network are correlated 
uniquely with each other, and controls the route switching by 
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reflecting the definition contents on the routing table 32. 
Flow of the detailed process will be explained with reference 
to FIG. 7. The logical network connecting router 22 contains 
the route preferential definition 31 and the routing table 32, 
and definitions of the destinations and the priorities every 
destination network 25 are described respectively. In FIG. 7, 
one destination network 25 is shown as an example and described 
as Nl . Also, the logical interface corresponding to Nl 
described as the logical interface 1. 

In the initial state in (a) of FIG. 7, the logical interface 
1 in Nl in the route preferential definition 31 is defined as 
the priority 1, and the first route 12 in the routing table 
32 is set as Rl and the priority is defined lower than that 
of the logical interface. In FIG. 7, the priority 2 is set as 
an example. 

Then, in (b) of FIG. 7, when the control indicating that 
the second route 11 is valid is received from the controlling 
means 3, the contents of the route preferential definition 31 
in (a) of FIG . 7 is entered into the routing table 32 . Accordingly, 
since the route of the logical interface is employed as the 
result of comparison between the priorities in the routing table 
32, the packet transmitted from the sender router 8 is 
transmitted from the logical network connecting router 22 to 
the route update side router 9 as the second route 11 via the 
switch 23 and the route update logical network connecting router 
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Also, in (c) of FIG. 7, when the control indicating that 
the second route 11 is invalid is received from the controlling 
means 3, the entry content is erased if the entry of the logical 
interface into the routing table 32 is performed. Accordingly, 
since the route that is looked up in the routing table 32 is 
merely Rl whose priority is defined as 2, the packet is 
transmitted to the first route 12. 

In the present embodiment, since normally the control 
from the controlling means 3 indicates that the second route 
11 is invalid, the packet is transmitted to the stationary route 
side router 10 side as the first route 12. Also, when the 
controlling means 3 receives the control indicating that the 
second route 11 is valid according to the state of the route 
update side router 9 as the second route 11, it switches the 
route to the second route 11. 

Then, the switch 23 will be explained hereunder. The 
logical network connecting router 22 and the route update logical 
network connecting router 24 are brought logically into their 
non-connected state to the switch 23, and are connected to the 
switch 23 in unit of network as the switched object when the 
route is switched. The switch 23 is the switching system for 
switching a plurality of logic lines . At this time, the logical 
interfaces are constructed by X.25, frame relays, ATM 
(Asynchronous Transfer Mode), IEEE802.1Q, etc. 
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In the event that the route for the network group 13 is 
one-way communication system which is represented by the 
satellite communication or the communication system which is 
represented by the public network and in which the routing 
protocol is not used in the middle of the route, the decision- 
making route control system 21 can operate not to take account 
of the route state of the network group 13 since the route 
propagation from the stationary route side router 10 to the 
logical network connecting router 22 or the route propagation 
from the route update side router 9 to the route update logical 
network connecting router 24 is not executed by registering 
the protocol RP11 between the logical network connecting router 
22 and the stationary route side router 10 and the protocol 
RP14 between the route update logical network connecting router 
24 and the route update side router 9 as the static routing 
protocols in the method for correlating the decision-making 
route control system. 

Embodiment 3 

An embodiment 3 of the present invention will be explained 
with reference to FIG. 8 hereunder. 

FIG. 8 is a block diagram showing an embodiment 3 of the 
present invention. As shown in FIG. 8, in a decision- making 
route control system according to the present embodiment, a 
decision-making route control system 71 includes the 
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decision-making judging computer 2, the route propagating 
router 7 , and a control information converting router 72 . Thus, 
if the packet transmitted from the sender router 8 is switched 
to either the stationary route side router 10 as the first route 
12 or the route update side router 9 as the second route 11 
according to the state of the predetermined network system to 
monitor the state of the network or the monitored object 
equipment 14 as the computer, the packet can come up to the 
destination network 25 via the network group 13, which the packet 
can reach logically without the neighboring relationship . Also , 
it is assumed that the monitored object equipment 14 and the 
destination 15 belong to the destination network 25. 

In FIG. 8, flow of the packet transmitted from the sender 
router 8 and the routing protocol will be explained hereunder. 

Normally, the packet transmitted from the sender router 
8 reaches the destination network 25 via the route propagating 
router 7, the first route 12, the stationary route side router 
10 and the network group 13. Also, when the route is changed 
to the second router 11 based on the decision making, the packet 
transmitted from the sender router 8 comes up to the destination 
network 25 via the route propagating router 7, the control 
information converting router 72, the second route 11 , the route 
update side router 9, and the network group 13. 

The control information converting router 72 is connected 
to two routers of the route propagating router 7 and the route 
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update side router 9, then converts the information of RIP 
(Routing Information Protocol) RP13 transmitted from the 
decision-making judging computer 2 by a control information 
converting function described later to the RIP RP14, and then 
transmits it to the route propagating router 7. At that time, 
the control information converting router 72 itself is defined 
not to receive the route information from the RIP RP13 and the 
RIP RP14. Also, the control information converting router 72 
receives the route information from the route update side router 
9 based on the protocol RP15. 

Also, the route propagating router 7 is connected to three 
routers of the sender router 8, the control information 
converting router 72, and the stationary route side router 10. 
Assume that a protocol between the route propagating router 
7 and the sender router 8 is the protocol RP11 and a protocol 
between the route propagating router 7 and the stationary route 
side router 10 is the protocol RP12, and the route propagating 
router 7 receives the RIP RP14 converted from the RIP RP13 from 
the control information converting router 72. Also, when the 
route information are reflected on the routing table, the route 
propagating router 7 learns that the learning priority is set 
higher in the order of RP14, RP12, and RP11. 

In the present embodiment, RP13 and RP14 is assumed as 
RIP as one of the routing protocols . In this case, other routing 
protocols can be implemented even if they are the routing 
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protocol employing the broadcast. 

Then, the decision-making judging computer 2 will be 
explained hereunder. The decision-making judging computer 2 
is a computer that has functions of SNMP manager and ICMP and 
RIP, and performs the decision making of the route switching, 
and consists of the monitoring means 5 for collecting the 
decision materials in the decision making, the judging means 
4 for judging the route switching, and the controlling means 
3 for switching the route. 

Control procedures in the decision-making judging 
computer 2 will be explained with reference to FIG. 9 hereunder. 
The processes in step S21 to step S24 are similar to those in 
step SI to step S4 in FIG. 3 in the embodiment 1. Also, the 
Trap transmitting function of the monitored object equipment 
14 is similar to the process in FIG. 5 shown in the embodiment 
1 . 

In step S25, based on the judgment of the judging means 
4, the controlling means 3 executes the control that the 
stationary route is valid or invalid, by propagating or not 
propagating the RIP RP13 as the control information to the route 
propagating router 7 via the control information converting 
router 72. The details will be explained later with reference 
to FIG. 10. 

In FIG . 9, the route control by monitoring the combination 
of SNMP and ICMP is shown. Like the embodiment 1, the route 
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control can be carried out by monitoring only SNMP or only ICMP 
according to the decision materials of the monitored object 
equipment 14, the protocols to which the monitored object 
equipment 14 corresponds, and the selection of the optimum 
collecting method. 

A method of propagating the RIP RP13 as the control 
information to the route propagating router 7 by the controlling 
means 3 will be explained with reference to FIG. 10 hereunder. 
The controlling means 3 contains a route information table 91, 
and also updates the contents of the route information table 
91 based on the decision result made by the judging means 4. 
The RIP RP13 is propagated by entering the destination network 
in this table. In FIG. 10, one destination network 25 is shown 
as an example and described as Nil. 

In (f) of FIG. 10, if the stationary route is valid, no 
entry of Nil is contained in the route information table 91 
and thus the RIP RP13 is not propagated. 

In (g) of FIG. 10, if the stationary route is invalid, 
the entry of Nil is input into the route information table 91 
and thus the RIP RP13 is propagated. 

The RIP RP13 as the control information has the sender 
address of the RIP RP13 as the address of the decision-making 
judging computer 2, and can propagate the packet to the route 
propagating router 7 via the control information converting 
router 72 by replacing the destination of the RIP RP13 from 
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the broadcast address for all neighboring routers to the address 
of the route propagating router 7 . According to this function, 
the packet can be transmitted to the route propagating router 
7 having no neighboring relationship not to affect the route 
information of the control information converting router 72 
having the neighboring relationship, while employing RIP having 
the neighboring routers as the transmit object. Also, in order 
to receive the control information, the route propagating router 
7 is not required to install the particular protocol, and thus 
the route propagating router 7 can be implemented by the routers 
into which the RIP is installed. 

The control information converting router 72 will be 
explained hereunder. The control information converting 
router 72 has independently a control information converting 
function for converting the information of the RIP RP13 
transmitted by the decision-making judging computer 2 into the 
RIP RP1 4 and then transmitting it to the rout e propagating router 
7, a routing table generating function for learning the route 
information from the protocol RP 15 from the route update side 
router 9, and a packet relaying function from the route 
propagating router 7 . 

The control information converting function of the 
control information converting router 72 will be explained with 
reference to FIG. 11 hereunder. FIG. 11 shows an address 
translation table 101 which consists of a sender translated 
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object address 102 and a translated address 103 in sequence 
from the left side. At this time, it is assume as an example 
that the sender translated object address 102 is an address 
of the decision-making judging computer 2 and the translated 
address 103 is an address of the control information converting 
router 72. 

The control information converting router 72 translates 
the control information based on the address translation table 
101 by using a NAT (Network Address Translation) function as 
an address translating function. More particularly, the sender 
address of the RIP RP13 transmitted from the controlling means 
3 is compared with the sender translated object address 102. 
If they coincide with each other, the sender address is 
translated into the translated address 103 and then transmitted 
to the route propagating router 7 as the RIP RP14. When the 
sender translated object address 102 is the address of the 
decision-making judging computer 2 at this time, the sender 
address is translated in the address of the control information 
converting router 72 indicated by the translated address 103. 
As a result, the RIP RP 13 being transmitted from the controlling 
means 3 to the route propagating router 7 is replaced from the 
address of the decision-making judging computer 2 to the address 
of the control information converting router 72, and then 
transmitted to the route propagating router 7 as the RIP RP14 . 
According to this translation, the route propagating router 



32 



7 receives the RIP RP14 as the control information transmitted 
from the control information converting router 72. 

Then, the routing table generating function of the control 
information converting router 72 will be explained hereunder. 
The control information converting router 72 learns the route 
information from the route update side router 9 based on the 
protocol RP15. As described above, since it is defined that 
the control information converting router 72 does not receive 
the route information from the RIP RP13 and the RIP RP14, such 
control information converting router 72 learns in the routing 
table that the route to the network group 13 is the route update 
side router 9 as the sole route. 

Then, the packet relaying function of the control 
information converting router 72 will be explained hereunder. 
The control information converting router 72 relies the packet 
transmitted from the route propagating router 7 based on the 
routing table. The packet for the destination network 25 is 
transmitted to the route update side router 9 based on the 
above-mentioned learning in the routing table. Accordingly, 
when the route is switched from the first route 12 to the second 
route 11, the packet transmitted from the sender router 8 is 
transmitted to the control information converting router 72 
via the route propagating router 7 and then transferred to the 
route update side router 9 as the second route. 

Then, an operation of the route propagating router 7 will 
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be explained hereunder. The route propagating router 7 has 
independently a route propagating function for executing the 
route propagation to the sender router 8 by the protocol RP11 
and a packet relaying function for relaying the packet from 
the sender router 8, based on the route propagation content 
received by the protocol RP12, the RIP RP14 and the route 
information in the routing table contained in the inside. 

Then, the route propagating function of the route 
propagating router 7 will be explained hereunder. The route 
propagating router 7 receives the protocol RP11, the protocol 
RP12 , and the RIP RP14 and learns them as the route in the routing 
table. Also, as mentioned above, since the route propagating 
router 7 learns that the learning priority is set higher in 
the order of RP14, RP12, and RP11, it reflects the learned 
contents on the routing table. 

As shown in (f) of FIG. 10, in the stationary state in 
which the route change is not generated, the decision-making 
judging computer 2 does not transmit the control information 
of the network in unit of network according to this setting. 
Therefore, the route propagating router 7 does not receive the 
RIP RP14, and thus executes the route propagation of the route 
information for the first route 12, that is learned from the 
stationary route side router 10 based on the protocol RP12, 
to the sender router 8 as the route having the highest priority. 

Also, as shown in (g) of FIG. 10, in the update state in 
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which the route change is generated by the decision making, 
the decision-making judging computer 2 transmits the control 
information of the network. Therefore, the route propagating 
router 7 receives the RIP RP14 and thus propagates the route 
information for the control information converting router 72, 
that is learned based on the RIP RP14, to the sender router 
8 as the route having the highest priority. 

Then, the packet relaying function of the route 
propagating router 7 will be explained hereunder. The route 
propagating router 7 relays the packet from the sender router 
8 to the destination network 25. In the stationary state in 
which the route change is not generated, the route propagating 
router 7 learns the route information of the protocol RP12 from 
the stationary route side router 10. Therefore, the route 
propagating router 7 transmits the packet to the stationary 
route side router 10 connected to the first route 12 to reach 
the destination network 25. Also, if the route change is 
generated based on the decision making, the route propagating 
router 7 transmits the packet to the control information 
converting router 72 since it has learned the route information 
of the RIP RP14 from the control information converting router 
72. As a result, the packet can come up to the destination 
network 25 via the route update side router 9 connected to the 
second route 11. 

Since the present invention is constructed as mentioned 
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above, following advantages can be achieved. 

The present invention can collect the route information 
and the decision materials for the decision making according 
to the state monitoring of the network, and also can switch 
the route in compliance with collected information and 
predetermined decision conditions. 

Also, since the routers can collect the route information 
based on the routing protocol and can collect the decision 
elements for the route switching based on the SNMP, the general 
protocols may be employed in collection and thus the particular 
devices and functions are not requested. 

In addition, since the route generating router has the 
loop-back interface or the logical line, the route generating 
router has the route controlling function, nevertheless the 
line cost for the route controlling function is not needed. 

Further, since the monitoring means monitors the network 
system or the computer selected previously as the monitored 
object, it can monitor the state of the network group which 
the packet can reach logically without the neighboring 
relationship . 

Moreover, the present invention contains a predetermined 
threshold value in the predetermineddecision conditions . When 
the traffic exceeds this threshold value, the switching for 
the first route can be interrupted and the second route can 
be set to the information propagation route as the braker 
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function . 

Besides, since the control information converting router 
can convert the sender address of the route switching information 
transferred from the controlling means to the route propagating 
router by using the address translating function, it can relay 
the route information to the route propagating router without 
the change of the route information contained in the inside. 
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